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^ ; Abstract 

■ The limitation on the shareability of quantum entanglement over several parties, the so-called 

, monogamy of entanglement, is an issue that has caught considerable attention of quantum informa- 

tion community over the last decade. A natural question of interest in this connection is whether 
' monogamy of correlations is true for correlations other than entanglement. This issue is examined 

here by choosing quantum deficit, proposed by Rajagopal and Rendell, an operational measure of 



^ \ correlations. In addition to establishing the polygamous nature of the class of three qubit sym- 

metric pure states characterized by two distinct Majorana spinors (to which the W states belong), 
those with three distinct Majorana spinors (to which GHZ states belong) are shown to either 

> , 

, obey or violate monogamy relations. While the generalized W states can be mono/polygamous, 

\ the generalized GHZ states exhibit monogamy with respect to quantum deficit. The issue of us- 

ing monogamy conditions based on quantum deficit to witness the states belonging to SLOCC 
inequivalent classes is discussed in the light of these results. 
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I. INTRODUCTION 



One among the several features that distinguish correlations in quantum and classical 
scenario is their shareability amongst several parties of a composite system. While classical 
correlations are known to be infinitely shareable, quantum correlations, especially quantum 
entanglement has limited shareability. Starting from the seminal work of Coffman, Kundu 
and Wootters many researchers working in quantum information theory are addressing 
this issue, the so called monogamy of entanglement 2|-|5|]. 

Quite recently, enquiries regarding how non-classical correlations 6|-|8|, other than en- 
tanglement - characterized by the measure quantum discord [61 - get shared amongst more 

nn 

than two parties have been raised [9|, |10|] • From these works it is found that the quantum 
correlations in three qubit pure states do not necessarily obey any stringent monogamy 
inequality (as inferred through quantum discord) 

In the present work, quantum deficit [tI proposed by Rajagopal and Rendell (henceforth 
called RRQD) is chosen as the measure of quantum correlations. This measure is par- 
ticularly chosen because, unlike quantum discord, no optimization is required to evaluate 
RRQD, thus making it an operationally convenient measure of quantum correlations [3, Q]- 
The monogamy of RRQD for the two SLOCC inequivalent classes of 3 qubit symmetric 
pure states characterized by two and three distinct spinors respectively is examined. The 
generalized class of GHZ and W states are also explored for their mono /polygamous nature. 
While it can be conclusively shown that any state belonging to the two-distinct spinor class 
is polygamous, states belonging to the 3-distinct spinor class can either be monogamous 
or polygamous. The generalized class of GHZ states can be shown to obey the monogamy 
relations, quite like the GHZ states themselves but the states belonging to generalized W 
class can either obey or violate them. 

The paper is organized as follows: In Sec II, a brief introduction to the concept of 
RRQD is given and the classification of symmetric pure states based on the distinct spinors 
characterizing them is detailed in Sec HI. The monogamy relation with respect to RRQD 
is given in Sec. IV and it is shown that all states belonging to the 2-distinct spinor class 
violate this relation. Two examples of pure symmetric states characterized by 3 distinct 
spinors, one of them being the GHZ state, are considered and it is shown that GHZ state 
is monogamous whereas the other state (belonging to the same SLOCC class) is not. The 
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generalized class of GHZ and W states are examined for their mono/polygamous nature in 
Sec.V. Sec. VI contains a summary and discussion of the results. 



II. RR QUANTUM DEFICIT 

In their enquiry into the circumstances under which entropy methods can give an answer 
to the questions of quantum separability and classical correlations of a composite state, 
Rajagopal and Rendell [ij proposed a useful measure of quantum correlations, the quantum 



deficit (which is referred to as RRQD to distinguish it from one-way quantum deficit 
another measure of quantum correlations). The RRQD of a bipartite quantum state pab 
is defined [7|] as the relative entropy pJi] of the state pab with its classically decohered 
counterpart p^^ as follows: 

DAB = SipAB\\p%) (1) 

where 

S{pab\\p%) = TripABhgpAB) - TripAslog p%). (2) 

Quantum deficit D{A,B) determines the quantum excess of correlations in the state pab 
with reference to its classically decohered counterpart p^^. The state p^^ shares the same 
subsystems pa, Pb as that of pab and is diagonal in the eigenbasis {\b)} of pa, Pb- 

Pab = J2^-b\a){a\ ® \b){b\ = J^^abW, b){a, b\ (3) 

a,b a,b 

where Pab = {a,b\pAB\(i,b) denote the diagonal elements of pab and Pab = 1- 
It may be readily seen that 

TT{pABlogp%) = TT{p%\0gp%) 

= Y,Pab\0gPab. (4) 

a,b 

We thus obtain 

D{A,B) = Tl{pAB^OgpAB) -^^ipAB^Ogp%) 

= ^ Aj log Aj - ^ Pab log Pab, (5) 
i a,b 

where Aj denote the eigenvalues of the bipartite state pab- 
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It is pertinent to point out that quantum discord {g] and one way quantum deficit 11 1 
are asymmetric with respect to measurements on the subsystem A and B whereas, RRQD 
is symmetric about the subsystems A, B. Another advantage of RRQD over the other two 
measures is that it does not require any optimal measurement schemes for its evaluation. 
An explicit evaluation of RRQD for some classes of 3 qubit pure states is carried out in this 
paper and the shareability aspects of quantum correlations among its 2 qubit subsystems 
are examined. 



III. CLASSIFICATION OF PURE SYMMETRIC STATES BASED ON MAJO- 
RANA REPRESENTATION 

I — I 

An elegant representation of N qubit pure symmetric states is given by Majorana [13] way 
back in 1932. In addition to the possibility of expressing symmetric pure states as points 
on the block sphere, there are several advantages of resorting to this representation. Here 
is a brief introduction to the Majorana representation of qubit pure symmetric states, in 
order to facilitate its use in this paper. 



Majorana 



13| proposed that a pure symmetric state of spinors (a pure state of spin 



j = y) quantum state can essentially be represented as a symmetrized combination of A^ 
constituent spinors as 

|vi>3y^)=Ar^P{|ei,e2,...e^)}, (6) 
p 

where 

Iq) = cos(A/2) e-^"'/2 |0) + sin(A/2) e^^'/^ 1 1), / = o, 1, 2, . . . , AT, (7) 

denote the spinors constituting the state I^E'sym); P corresponds to the set of all A^! permu- 
tations of the spinors (qubits) and M corresponds to an overall normalization factor. 



Bastin et.al IJ] made use of the representation ([6]) for the classification of pure symmetric 
A^ qubit states into SLOCC inequivalent classes. The classification is based on the number 
of distinct spinors (degeneracy number) and their frequency of occurence (degeneracy con- 
figuration) in the state under consideration. A comprehensive review of this classification 

n 

and the uses of Majorana representation may be found in Ref. [Iq . 

An A^ qubit state containing r(< A^) distinct spinors |ej) (z = 1, 2, . . . r), each repeating 
rii times, belongs to the class 2^ni,n2, ...n^ and each degeneracy configuration {ni, n2, ... rir} 
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(with the numbers rzj being arranged in the descending order) corresponds to a distinct 
SLOCC class. The number of SLOCC inequivalent classes possible for states with r dis- 
tinct spinors is given by the partition function p{N, r) that gives the distinct possible ways 
in which the number can be partitioned into r numbers Ui {i = 1, 2, . . . r) such that 
^21=1 ni = N. For instance, a 3 qubit state with only one distinct spinor belongs to the 
class 1^3, with two distinct spinors belongs to the class {^^2,1} and {^^1,1,1} is the class of 
3 qubit states with three distinct spinors. The classes P3, P2,i and T>i i i are SLOCC in- 
equivalent and a state belonging to one of these classes cannot be converted into the other 
(different from itself) by any local operations and classical communications. 

A representative symmetric state with two distinct spinors belonging to the entanglement 
family {VN-k,k, k = 1,2,..., [N/2]} is given by 



1^ 



N-k,k 



) = A/" P{| ei,ei, . . . ,ei; 62,62, ... ,62)} 



N-k 



AAi?r 5^P{|0,0,...,0; 6'„6'„...,6',)}, 



N-k 



where 61 = Ri\0) and 62 = -R2IO), and 



le'2) = i?r'^2|0) = do |0) + di |1), \do\^ + \di\^ 



Substitution of 

\<ilN-k,k) = RT E 



into 

k 



and further simplication leads to 

A^ 



Or 



r=0 



2 ' 2 



— r 



where ar = M 



1, di ^ 0. 



{N -r)\ 
{N -k)\{k-r)\ 



d: 



(8) 



(9) 



k—r jr 

"i- 
(10) 



This implies that all symmetric states \^N-k,k)i constituted by two distinct Majorana 
spinors, are equivalent (under local unitary transformations) to 

N N 



\^'N-k,k) = Ri ^^^\DN-k,k) = 



'Nr' 



r=0 



2 ' 2 



— r 



(11) 



As di 7^ 0, the coefficients 



0, 1, 2, . . . , /c) are non-zero, except when di = 1, do 







- in which case the state |-D7v-fc.fc) reduces to the Dicke state 1^5^ — ^) itself and then. 

An arbitrary 3 qubit pure symmetric state \ip) with two distinct spinors is given by 
(obtained by substituting A^ = 3 and A; = 1 in ffTTj) ). 



r=0 



3 3 
2' 2 



3 3 
2' 2 



v/3i 



3 1 
2' 2 



(12) 



which may be expressed in terms of standard qubit basis as 

= a|000) + 



b ( W±W±M)) (13) 



with a = cto, h = a/3 ai are complex numbers obeying |ap + \h\^ = 1. On taking a = cos |, 
h = sinle**^, (0 < 9 < n, < (p < 27r), without any loss of generality and subjecting the 
three qubit state (fT3|) to another local unitary transformation |0)' = |0), = e~^'^\l) on 
all the three qubits we obtain a further simplified form 

I //\ ^innnx , • ^ / 1 100) + |010) + |001) \ 

1^) = cos-|000) + sm- ( J ^ -j (14) 

with a single parameter 6, < 6 < it describing the state. 

This general form fll4p of a pure symmetric 3 qubit state containing two distinct spinors 
will be made use of in the evaluation of RRQD for the state and its 2 qubit subsystems in 
the next section. 



IV. MONOGAMY OF 3 QUBIT PURE SYMMETRIC STATES WITH RESPECT 
TO RRQD 



It is well known that 



2| monogamy relations capture the trade-off between the quan- 
tum correlations in the subsystems of a composite state and that in the whole state. The 
monogamy inequality with respect to a measure, say Q, of quantum correlations is given by 

Q{PA:b) + Q{PA:C) < Q{PA:BC) (15) 

for a tripartite state Pabc- Here Q{pa:b), QiPA-.c) denote the correlations in the states 
Pab = Trc Pabc, Pac = Tr^ pabc respectively and Q{pa:Bc) gives the tripartite correlation, 
between the subsystem A, BC of pabc- 

The measure of correlations adopted here being the RRQD, the monogamy inequality 
f|T5|) may be expressed as. 

Dab + Dac < Da-.bc (16) 

A tripartite state Pabc is monogamous with respect to RRQD iff the inequality (fTB]l is 
obeyed and polygamous otherwise. 
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A. 3-qubit pure symmetric states with 2 distinct spinors 



Considering a pure symmetric state IV') of 3 qubits constituted by 2 distinct spinors, 
having the structure given in Eq. lfT^ . it is not difficult to see that pab = Pbc, owing to 
the symmetry of the state. Thus, Dab = Dac- An exphcit evaluation of eigenvectors 
of the subsystems Pa(= Pb) of pab = Tr^; I?/;) ('?/'| leads to p^^, the completely decohered 
counterpart of Pab- In fact the diagonal entries of are given by 



^11 = (Xi,Xi|Pab|Xi,Xi) 
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14 + cos^ + 4V6 + 4cos^ - cos 26 ^ — ^ 

6 + 4cos0-cos2e 



(2 + cos^)sin^f 

n2 = {X1iX2\PAb\Xi,X2) 



P21 = {X2,Xi\Pab\X2,Xi) 



3(6 + 4cose-cos2^) 
(2 + cos^) sin^f 



3(6 + 4cos^-cos2^) 

14 + cos^-4V6 + 4cos^-cos2^ — 

6 + 4cose-cos20 



P22 = {X2,X2\PAb\X2,X2) = ^ 

Here \xi), i = 1, 2 denote the eigenvectors of Pa(= Pb) belonging to the eigenvalues 
1 



Ai = -(3 + V6 + 4cos^-cos 26), A2 = -7(3 - V6 + 4cos^ - cos20) (17) 
6 6 

respectively. The relative entropy S{pab\\Pab) (^^^ Eq-®) can thus be arrived at and 
the RRQD Dab = S{pab\\Pab) is obtained as a function of the parameter 6. Similarly 
the eigenvectors of the subsystems psc, Pa of pabc = facilitate the evaluation of 

p%Q. Denoting the eigenvectors of psc by \T]i), i = 1, 2, 3, 4, one has {pa-.bc) ij-ij = 
{XiyVj\PABc\Xi^Vj) and it turns out that 



3 + V6 + 4cos^-cos2^ 3- V6 + 4cos^ - cos20 

pUc = diag 0, 0, 0, 0, ^ , 0, 



6 ' ' ' 6 

Since S{pabc) is zero as pabc corresponds to a pure state, the RRQD Da.bc 
SipABcWpABc) is given by 



3 + V6 + 4cos^-cos2e, 3 + V6 + 4cos^ - cos2^ 

Da:BC = log 

o o 



3 — V6 + 4 cos 6 — cos 26 ^ 3 - V6 + 4cos^ — cos 26* 

log . (18) 



6 ° 6 

It may be readily seen that the state Pabc = is monogamous iff 

Qii = Dab + Dac - Dabc = ^Dab - Da-.bc < (19) 




FIG. 1: A plot of Qii = Dab + Dac — Dabc = "^Dab — Da-.bc versus 9 for 3 qubit pure states 
with two distinct Majorana spinors. The positive values of Qu indicate violation of the monogamy 
relation. 

A plot of Qii versus 9 is shown in Fig.l 

It can be seen through the graph that Qu > for the whole range implying that all the 
3 qubit pure states with two distinct majorana spinors do not obey the monogamy inequality 
and thus are polygamous. 



B. 3-qubit pure symmetric states with 3 distinct spinors 

Having established the polygamous nature of the set of all 3-qubit pure states belonging 
to the SLOCC class T>2^i, two specific examples of the 3 qubit states belonging to the SLOCC 
class 2^1,1,1 with 3 distinct spinors will now be considered. The states under consideration 
are 

IGHZ) ^ (20) 
|™ ^ |100) + 1010) + 1001) + 1011) + |101) + |110) ^ \W) + \W) 

with |w) = |w) = m)+\m+\m ^^.^^ ^^^^^^^ ^ 



seen that 



15| the state |GHZ) is comprised of the spinors 



ki) = ^[|0)+u;|l)], \e2) = + co' |63) = -^[|0) + |1)] (22) 

with u, u"^, uj^ = 1 being the cube-roots of unity and the spinors 

K) = |l), 14) = ^^ I4) = |0) (23) 



8 



constitute the state |WW). Thus both |GHZ), |WW) belong to the SLOCC class ^1,1,1 and 
a check whether both these states obey monogamy relation with respect to RRQD will now 
be carried out. 

It is known that |GHZ) exhibits genuine 3-party entanglement (three tangle r = 1 and 
vanishing pairwise concurrence), whereas the state |WW) possesses both 3-party entangle- 
ment (three tangle r = 1/3) and also pairwise entanglement (with concurrence of two qubit 
marginal states C = 1/3) [l6j. 

As there are no two-qubit correlations in |GHZ), Dab = Dac = 0. The completely 
decohered counterpart Pqhz of ^he GHZ state is diagonal in the eigenbasis of subsystems A 
and BC with |, | as the non-zero diagonal elements and one gets D{A : BC) = log 2. Thus, 
I GHZ) obviously satisfies the monogamy relation (fT6|) establishing its monogamous nature. 

Considering the state |WW), it is readily seen that 

/ 1 1 1 \ 

12 2 1 

12 2 1 

VO 1 1 1/ 



Pab 



Pac - T, 
o 



(24) 



and 



1/32 

Pa = TtbPab = TrcPAc = 77 

6^23 



Pb = PC 



(25) 



in the standard qubit basis {|00), |01), |10), |11)}. 

The eigenvectors of pA = TrscPww = (pb = TtacPww) are given by, 

Ixi) = ^[|0) + |i)) e Ai = I 1x2) = ^[|0) - |i)) ex, = l 

and the decohered state p^^ can be identified as. 



(26) 



Pab — Pac 



diag ((xi.Xi|pAs|xi>Xi>, (xi > X2|pAS Ixi: X2> (X2, XI Ipab 1X2, Xl>: (xi, X2|pab|X2, X2» 
'3111 



diag 



4 12 12 12 



(27) 



The non-zero eigenvalues of pab here being Ai = |, A2 = ^, we obtain RRQD to be. 



5,511 
Dab = glogg + glogg 



3,3 3 , 1 

— log — I log — 

4 ^4 12 ^12 



0.386 



(28) 



In order to evaluate Da-.bc, we proceed to evaluate the completely decohered counter- 
part p'a bc of state Pa-.bc = Pww under consideration: The eigenvectors of bipartite 
subsystems Pbc = Pas of pww are given by, 

|r/i) = 4^[|0,0) + 2|0,1) + 2|1,0) + |1,1)], 
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M = -^[|0,0)-|1,1)], 

1^3) = ^[|0'0)- |o,i) + |i,i)], 

W) = -^[|0,1)-|1,0)]. 

The decohered counterpart p^.^c the three qubit state Pww is given by, 

Pa-.bc = diag ((xi, ??i|pwwlxi, ^1), (Xi, '72|PwwlXi, ^72), 
(Xi, ^sIPwwIxi, ^73), (Xi, '74|PwwlXi, Vi), 

{X2,m\ Pww I X2 , ) , (X2 , ^72 I Pww I X2 , ^?2 ) , 
(X2, ^3|PwwlX2, m), (X2, '74|pWwlX2, ^74)) 

= diag(^, 0, 0, 0, 0, (^, 0, 0) (29) 

The RRQD D{A : BC) characterizing the quantum correlations between A and BC subsys- 
tems of the state Pww is then obtained as, 

Da-.bc = - + ^ l) ^ 

Finally, it may be seen that the monogamy inequality ( !T6|) governing the pairwise and three 
party correlations of the state Pww is violated i.e.. 

Dab + Dac = 2Dab ~ 2 x 0.386 > Da-.bc ~ 0.45 (31) 

In other words, the three qubit pure state P\Yw is polygamous. Thus, despite belonging to 
the same SLOCC class 1^1,1,1, the states |GHZ) and |WW) exhibit contrasting behaviour 



corresponding to the shareability of correlations amongst su 
point out yet another distinguishing feature of these states 



jsystems. It is pertinent to 
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18|: the three qubit W- 



while the correlations in 



superposition state |WW) possesses reducible correlations 
the GHZ state are not attributable to its subsystems. The monogamous nature of GHZ 
state and the polygamous nature of W-superposition state brought out here (in terms of 
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the correlation measure RRQD) thus supports the assertion that the states belonging to 
the same SLOCC class can exhibit quite dissimilar features - especially with respect to the 
reducibility and shareability of correlations. 

It is worth pointing out at this juncture that a possibility of using mono/polygamous 
nature with respect to quantum discord as a witness to distinguish states belonging to 
different SLOCC classes is discussed recently in Here, in this work, polygamy with 
respect to RRQD is identified to be a necessary criterion for 3 qubit pure symmetric states 
belonging to the SLOCC class 2^2, i- This provides a clear signature for distinguishing states 
belonging to this class using RRQD as a witness. 

V. GENERALIZED GHZ AND W STATES: EXAMINATION OF MONOGA- 
MOUS NATURE 

After examining the two SLOCC classes of 3 qubit pure symmetric states for 
mono/polygamous nature, it is of interest to check how non-symmetric states, generaliz- 
ing the family of symmetric three qubit states of the distinct SLOCC classes, behave in the 
context of monogamy with respect to RRQD. The non-symmetric states under consideration 
here are the generalized GHZ states of the form 

|GHZ)gen = a|000) + a = |a|e^°, 6 = |6|e^^; |ap + |6p = 1 (32) 

and the generalized W states of the form 

|W)gen = a|100) + 6|010) + c|001), (33) 
a = \a\e'", b = \b\e'^ c = |c|e^^; \a\^ + \b\^ + \c\^ = 1. 

While |GHZ)gen are related to GHZ states belonging to the SLOCC class of 3 distinct spinors, 
|W)gen are related to W states belonging to the SLOCC class of 2 distinct spinors. 
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A. Generalized GHZ states 



Inspite of the inherent non-symmetry in the state |GHZ)gen (owing to the fact that a 
in Eq. (l32i) ). one can find that 

/ |a|2 \ 




PAB — PAC — PBC 



and 




\ / 

lap 



(34) 



Pa = Pb = PC 



(35) 





Thus, it can be easily seen that Dab = Dac = Dbc = quite similar to that in the case of 
|GHZ). 

The completely decohered counterpart of pcHZgen = |GHZ)gcn(GHZ| is given by 



PGHZgen = diag {\a\\ 0, 0, 0, 0, 0, 0, \h\^) 



(36) 



and hence 



Da- 



A:BC 



0-{\a\Hog\a\^ + \b\Hog\b\^) 

- (|a|Mog|a|2 + (1 - |aniog(l - \af)) , < |a| < 1. 



(37) 



Clearly, Qu^^^ = Dab + Dac - Da-.bc = (|aplog |ap + (1 - |a|2)log(l - \a\^)) > imply- 
ing the monogamous nature of the generalized GHZ states with respect to RRQD. This 
behaviour is in accordance with their symmetric counterpart |GHZ) belonging to the class 
T>i^i^i, discussed in Sec. IV (B). Thus monogamy with respect to RRQD is a necessary con- 
dition for states to be of the generalized GHZ type. 



B. Generalized W states 

The generalized W state, unlike |GHZ)gen, possesses unequal subsystem density matrices. 
Thus, both Dab, Dac are to be evaluated. The non-zero eigenvalues of pab being given by 
|ap, |6p + |cp and that of its completely decohered counterpart p^^ being given by |ap, |6p 
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and |cp, one gets, 

Dab = lap log lap + (jfop + log(|6p + \c\^) - (|ap log |ap + |6p log |6p + |cp log |cp) 
= (|6p + Icp) log(|6p + Icp) - (|6p log |6p + |cp log |cp) . (38) 

Similarly, the non-zero eigenvalues of pac are given by |6p, |ap + |cp and that of p^fj are 
given by |ap, |6p and |cp. Thus, 

= log + (|a|2 + Icp) log(|a|2 + jcH - (|ap log |ap + \h\^ log |6p + |cp log |cp) 
= (lap + |cp) log(|ap + |cp) - (lap log |ap + |cp log |cp) . (39) 

On evaluating the completely decohered counterpart of Pabc, in the eigenbasis of the sub- 
systems A, BC (following Sec. IV (B)), one can see that its diagonal elements (eigenvalues) 
are dependent on the angles a, 7 also. On obtaining the explicit expression for Da-.bc, and 
on eliminating |c| using |c| = a/1 — |aP — |6p, Qu^^^ is arrived at as a function of |a|, |6|, 
a — 7. A three dimensional plot of Qng^^ as a function of |a|, |6|, for the case of a = 7 is 
given in Fig. 2. It can be seen through the figure that generalized W states exhibit both 




FIG. 2: The 3-dimensional plot of Qiig^^ = Dab + Dac — Dabc for 3 qubit generalized W states. 
Depending on the parameters \a\, \b\, the state is either monogamous or polygamous. 

mono and polygamous nature unlike that of their symmetric counterpart \W) belonging 
to the class ©2.1- While the monogamous nature obeyed by GHZ state is retained by its 
non-symmetric, generalized counterpart |GIIZ)gen, it is not so in the case of W state and 
its generalized counterparts. In fact, the monogamous nature of the GHZ states and their 
generalized, non-symmetric counterparts, allows for an identification of this class of states 
using monogamy with respect to RRQD as a witness. 

13 



VI. SUMMARY AND CONCLUDING REMARKS 



This is a contribution towards an important issue whether monogamy of correlations 
holds for correlation measures other than entanglement by examining RRQD as another 
measure. The present work gives an overall picture of RRQD in comparison with quantum 
entanglement and also relates to SLOCC classification as well. 

The results obtained are displayed succinctly in Table 1. 



TABLE L 



SLOCC 


State 


V2,l 


^1,1,1 


Monogamous 


Polygamous 


Entanglement type 


Yes 


IV') (EqED 


Yes 






Yes 


No 3-way only 2-way 


Equivalent 


|GHZ) (Eq.(l20D) 




Yes 


Yes 




No 2-way, only 3-way 


|WW) (Eq.dUD) 




Yes 




Yes 


Both 3-way and 2-way 


Not 
Equivalent 


|GHZ)gen (Eqm 




Yes 


Yes 




No 2-way, only 3-way 


|W)ge„ {Eqm 


Yes 




Yes (parameter 
dependent) 


Yes (parameter 
dependent) 


No 3-way, only 2-way 



Pure three qubit states are the focus here and they are described in a unified way by 
employing their Majorana representation. It is found that the states belonging to the SLOCC 
class P2,i are polygamous while those belonging to the class "Z^i,!,! exhibit contrasting mono, 
polygamous behaviour with respect to RRQD. The nonsymmetric GHZ states, the so-called 
generalized GHZ states, too are found to be monogamous. The generalized W states exhibit 
parameter dependent mono-, polygamous behaviour unlike their symmetric counterparts, 
the W states which are polygamous as they belong to 1^2,1 of two distinct spinors. 

An important feature that arises due to the polygamous behaviour of the states belong- 
ing to P2,i and the monogamous nature of generalized GHZ states is the use of RRQD as 
a witness to identify states belonging to these classes. RRQD being an operationally con- 
venient measure of quantum correlations, not requiring any optimization procedures for its 
evaluation, it is preferable to use it for this purpose. 
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